Abstract. Let all graphs be a connected and simple graph. A set W = {w1, w2, w3, . . . , w k } of veretx set of G, the k−vector ordered r(v|W ) = (d(x, w1), d(x, w2), . . . , d(x, w k )) of is a representation of v with respect to W , for d(x, w) is the distance between the vertices x and w. The set W is called a resolving set for G if different vertices of G have distinct representation. The metric dimension is the minimum cardinality of resolving set W , denoted by dim(G). Through analogue, the resolving set W of G is called non-isolated resolving set if there is no ∀v ∈ W induced by non-isolated vertex. The non-isolated resolving number is the minimum cardinality of non-isolated resolving set W , denoted by nr(G). In our paper, we determine the non isolated resolving number of k-corona product graph.
Introduction
In this paper, All graphs G is a nontrivial and connected graph, for more detail definition of graph see [1, 2] . The concept of metric dimension was independently introduced by Slater [3] and Harrary and Melter [4] . In his paper, Slater called this concept as a locating set. Let u, v be two vertices in G. The distance d(u, v) is the length of a shortest path between two vertices u and v in connected graph G. For an ordered set W = {w 1 , w 2 , ..., w k } subset of vertex set V (G). The representation r(v|W ) of v with respect to W is the ordered k-tuple r(v|W ) = (d(v, w 1 ), d(v, w 2 ), ..., d(v, w k )). The set W is called resolving set of G if every vertices of G have distinct representation respect to W , let u and v be two any vertices in G if r(u|W ) = r(v|W ) implies that u = v. Hence if W is a resolving set of cardinality k for a graph G, then the representation set r(v|W ), v ∈ V (G) consists of |V (G)| distinct k-vector. A resolving set of minimum cardinality for a graph G is called a minimum resolving set for G and this cardinality is the metric dimension of G, denoted by dim(G). Saenpholphat and Zhang [7] introduced the concept of connected resolving set. A resolving set W of graph G is connected if each subgraph W induced by W has no isolated vertices in G. The minimum cardinality of a non-isolated set in a graph G is the non-isolated resolving number, denoted by nr(G). For more detail notation of nr(G) please see in Chitra and Arumugam [5] .
Until today, Chartrand et.al. [6] determined the bounds of the metric dimensions for any connected graphs and determined the metric dimensions of some well known families of graphs such as tree, path, and complete graph. Citra and Arumugam [5] studied resolving set without isolated vertices of some family graphs. Furthermore, Baca, et.al [8] showed the metric dimension of regular bipartite graphs. In recent years, this metric dimension has been studied widely (see [7] , [9] , [10] , [11] , [12] , [13] ). In the following, we present some known results and Yunika [14] studied the metric dimension with non-isolated resolving number of corona product of graphs. Alfarisi et al [16] studied non-isolated resolving number of graphs with pendant edges
The known results on metric dimension and local metric dimension of some particular classes of graphs and graph operation have been discovered Chitra and Arumugam [5] , Dafik [15] , Yunika [14] as follows. Proposition 1.1 (Chitra and Arumugam [5] ) Let G be a connected graph of order n ≥ 2
• For friendship G with k-triangles, k ≥ 2, nr(G) = k + 1. [15] ) Let G and H be a connected graph, then the metric dimensio with non-ioslated resolving number of G + H is
Fruct and Harary [17] was introduced a type corona product of grpah. Let G be a connected graph of order n and H (not necessarily connected) be a graph of order m. A graph G corona product H, G H, is defined as a graph obtained by taking one copy of G and |V (G)| copies of graph H 1 , H 2 , ...., H n of H and connecting i-th vertex of G to the vertices of H i , 1 ≤ i ≤ n. By definition of corona product, we can say that
For any integer k ≥ 2, we define the corona product of graph G k H recursively of G H as G k H = (G k−1 H) H. The graph G k H is named as k−corona product or multicorona product of graph G and H for more detail definiton can be seen in [18] . Figure 1 is an ilustration of k-corona product graphs. 
Main Results
In this section, we find the metric dimension with non-isolated resolving set of k-corona product graphs. We determine the sharp lower bound and the exact value of P n 2 P m , P n 2 K m , K m 2 P n and K n 2 K m Lemma 2.1 Let G be a connected graph of order |V (G)| ≥ 2 and H be a graph of order
It can be shown with use Lemma 2.6.2 (i). Based on definition of nonisolated resolving set that we get
W i , then we obtain the lower bound non-isolated resolving set W of
Hence, it is clearly that the lower bound non-isolated resolving number of
Theorem 2.1 Let P n and P m be a connected graph of order n, m ≥ 2, then non-isolated resolving number of P n 2 P m is nr(P n 2 P m ) = (nm + n)( m 2 + 1). Proof: Let P n 2 P m be a corona product of path P n and P m with vertex set V (P n 2 with the cardinality of vertex set |V (P n 2 P m )| = nm 2 + 2nm + n and the cardinality of edge set |E(P n 2 P m )| = 2nm 2 + 3mn − n − 1.
For n, m ≥ 2, based on Lemma 2.1 and Proposition 1.3 then we have nr(
). However, we can attain the sharpest lower bound. Furthermore, we prove that nr(P n 2 P m ) ≤ (nm + n)(
and j 2 is odd} is a non-isolated resolving set of P n 2 P m and the cardinality of non-isolated resolving set is |W | = |{x i , x i, with , 1, c);
The vertex representation of x i,j 2 for m odd respect to W is r(x i,j 2 |W ) = (a, 1, 2, . . . , 2 with
It is clearly that every vertices v ∈ V (P n 2 P m ) − W has the distinct representation respect to W . Furthermore, we need to shown that all vertices in non-isolated resolving set W without isolated vertex. All vertices in vertex set W = {x i , x i,
and j 2 is odd} without isolated vertex by the edge set {x i x i,j 1 , x i,j 1 x i,j 1 ,j 2 , x i x i,j 2 ; 1 ≤ i ≤ n, 1 ≤ j 1 ≤ m, 1 ≤ j 2 ≤ m} which all vertices in W induces subgraph P n 2 P m with pendant edges. Hence, W has no isolated vertices. So, the upper bound non-isolated resolving number of P n 2 P m is nr(P n 2 P m ) ≤ (nm + n)( m 2 + 1). Hence, the lower bound non-isolated resolving number of P n 2 P m is nr(P n 2 P m ) ≥ (nm + n)( m 2 + 1). It concludes that nr(P n 2 P m ) = (nm + n)(
Theorem 2.2 Let P n and K m be a connected graph of order n ≥ 2 and m ≥ 3, then non-isolated resolving number of P n 2 K m is nr(P n 2 K m ) = nm 2 + nm. Proof: Let P n 2 K m be a be a corona product of path P n and complete graph K m with vertex set
} with the cardinality of vertex set |V (P n 2 K m )| = nm 2 + 2nm + n and the cardinality of edge set |E(P n 2 K m )| = 2nm 2 + mn + n + mn(
For n ≥ 2 and m ≥ 3, based on Lemma 2.1 and Proposition 1.3 then we have the lower bound non isolated resolving number of P n 2 K m is nr(P n 2 K m ) ≥ |V (P n K m )|nr(K 1 + K m ) = (nm + n)m = nm 2 + nm. However, we can attain the sharpest lower bound. Furthermore, we prove that nr(
is a non-isolated resolving set of P n 2 K m and the cardinality of non-isolated resolving set is |W | = |{x i , x i,
Thus, the representation of vertices v ∈ V (P n 2 K m ) − W respecting to W are as follows. The vertex representation of ) with ) with
It is clearly that every vertices v ∈ V (P n 2 K m ) − W has the distinct representation respect to W . Furthermore, we need to shown that all vertices in non-isolated resolving set W without isolated vertex. All vertices in vertex set W = {x i , x i,
which all vertices in W induces subgraph P n 2 K m with pendant edges. Hence, W has no isolated vertices. So, the upper bound non-isolated resolving number of P n 2 K m is nr(P n 2 K m ) ≤ nm 2 + nm. 
Theorem 2.4 Let K n and K m be a connected graph of order n, m ≥ 3, then non-isolated resolving number of K n 2 K m is nr(K n 2 K m ) = nm 2 + nm.
Proof: Let K n 2 K m be a be a corona product of complete graph K n and K m with vertex set
} with the cardinality of vertex set |V (K n 2 K m )| = nm 2 + 2nm + n and the cardinality of edge set |E(K n 2 K m )| = 2nm 2 + mn + mn(
For n ≥ 2 and m ≥ 3, based on Lemma 2.1 and Proposition 1.3 then we have nr(
However, we can attain the sharpest lower bound. Furthermore, we prove that nr(
is a non-isolated resolving set of K n 2 K m and the cardinality of non-isolated resolving set is |W | = |{x i , x i, It is clearly that every vertices v ∈ V (K n 2 K m ) − W has the distinct representation respect to W . Furthermore, we need to shown that all vertices in non-isolated resolving set W without isolated vertex. All vertices in vertex set W = {x i , x i,j 1 ; 1 ≤ i ≤ n, 1 ≤ j 1 ≤ m} ∪ {x i,j 1 ,j 2 , x i,j 2 ; 1 ≤ i ≤ n, 1 ≤ j 1 ≤ m − 1, 1 ≤ j 2 ≤ m − 1} without isolated vertex by the edge set {x i x i,j 1 , x i,j 1 x i,j 1 ,j 2 , x i x i,j 2 ; 1 ≤ i ≤ n, 1 ≤ j 1 ≤ m, 1 ≤ j 2 ≤ m} which all vertices in W induces subgraph K n 2 K m with pendant edges. Hence, W has no isolated vertex. So, the upper bound non-isolated resolving number of K n 2 K m is nr(K n 2 K m ) ≤ nm 2 + nm. Hence, the lower bound non-isolated resolving number of K n 2 K m is nr(K n 2 K m ) ≥ nm 2 + nm. It concludes that nr(K n 2 K m ) = nm 2 + nm
Conclusion
The results show that the non-isolated resolving number attain the best lower bound. There are some open problem as follows Open Problem 1 Find the non-isolated resolving number of G k H with k ≥ 3 for G, H are connected graph except path P n and complete graph K n .
